Background: Polymorphisms in miR-146a (rs2910164), miR-196a2 (rs11614913), miR-149 (rs2292832) and miR-499 (rs3746444) have been associated with ischemic stroke (IS), but studies have given inconsistent results. Methods: This meta-analysis investigated the possible association between IS risk and the four polymorphisms. A total of 14 case-control studies from Asian populations involving 6,083 cases and 7,248 controls for the four polymorphisms were included. Results: Results showed that the GG genotype of miR-146a (rs2910164) may be associated with increased IS risk according to the recessive model (OR=1.20, 95% CI=1.02-1.42, P=0.03). Similarly, the CC genotype of miR-149 (rs2292832) may be associated with increased IS risk according to the recessive model (OR=1.28, 95% CI=1.08-1.52, P=0.005) and the homozygous model (OR=1.31, 95% CI=1.09-1.58, P=0.004). In contrast, miR-196a2 (rs11614913) and miR-499 (rs3746444) polymorphisms did not show significant association with IS risk in any of the five genetic models.
Introduction
Stroke is a significant worldwide problem. An estimated 80% of the patients survive for at least 1 year after stroke, yet 70% have enduring disabilities. 1, 2 Ischemic stroke (IS) and intracerebral hemorrhage account for ~80%-85% and 15%-20% of all stroke cases, respectively. 3 IS is a complex syndrome whose pathological development involves multiple components, which include environmental and genetic factors. 4 Established environmental risk factors include age, sex, body mass index, hypertension, diabetes mellitus, smoking, and hyperlipidemia. However, recent studies suggested that genetics may contribute more than environment to IS, considering that a number of single-gene disorders are related to IS. [5] [6] [7] [8] Nevertheless, the factors defining genetic susceptibility to IS remain unclear. MicroRNAs (miRNAs) represent a group of short non-coding RNA molecules, 18-25 nucleotides in length. Bioinformatics data indicate that a single miRNA can bind to as many as 200 gene targets, and miRNAs may regulate the expression of approximately one-third of protein-coding mRNAs. A single-nucleotide polymorphism In fact, altered miRNA expression has been observed in IS in preclinical animal models and patients, suggesting a potential role in predicting the diagnosis and prognosis of IS. 11, 12 More specifically, the literature suggests an association between IS and polymorphisms in miR-146a (rs2910164), miR-196a2 (rs11614913), miR-149 (rs2292832), and miR-499 (rs3746444). [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] However, these associations are controversial because individual studies relied on relatively small samples. Therefore, to obtain a more comprehensive understanding of the available evidence, we conducted this meta-analysis of 14 case-control studies to evaluate the possible association between IS risk and miR-146a (rs2910164), miR-196a2 (rs11614913), miR-149 (rs2292832), and miR-499 (rs3746444) in Asian populations.
Materials and methods search strategy
All clinical and experimental case-control studies of miRNA polymorphisms and IS risk published through February 1, 2018 were identified through systematic searches in PubMed, EMBASE, Google Scholar, and the Chinese National Knowledge Infrastructure (CNKI) databases using English and Chinese. The search terms used were as follows: microRNA; miRNA; these two terms in combination with polymorphism, polymorphisms, SNP, variant, variants, variation, genotype, genetic, or mutation; and all the abovementioned terms in combination with stroke or ischemic stroke. Reference lists in identified articles and reviews were also searched manually to identify additional eligible studies.
Inclusion criteria
To be included in our review and meta-analysis, studies had to 1) have a case-control design for assessing the association of IS risk with miR-146a (rs2910164), miR196a2 (rs11614913), miR-149 (rs2292832), and miR-499 (rs3746444); 2) be accessible as a full-text article and report sufficient data for estimating ORs with 95% CIs; 3) report genotype frequencies; and 4) involve humans rather than animal models.
Data extraction
Two authors (DHZ and CBL) independently extracted the following data from the included studies: first author's family name, year of publication, ethnicity, testing methods, control source, age, sex, P-value for Hardy-Weinberg equilibrium (HWE) in controls, numbers and genotypes of cases and controls, and frequencies of genotypes in cases and controls. Discrepancies were resolved by consensus. Only those studies that met the predetermined inclusion criteria were included.
Assessment of methodological quality
To assess the quality of the studies included in this analysis, the Newcastle-Ottawa scale was used by two independent assessors (JRW and LC). 27 For the Newcastle-Ottawa scale, a full score is nine stars; a score range of 5-9 stars is considered to indicate generally high methodological quality, whereas a range of 0-4 stars is considered to indicate poor quality. 28 The quality of all the included studies is summarized in Table 1 . Any disagreements about Newcastle-Ottawa scores were resolved by other authors following a comprehensive reassessment. Only high-quality studies were included in our meta-analysis.
statistical analyses
The unadjusted OR with 95% CI was used to assess the strength of the association of IS risk with miR146a (rs2910164), miR-196a2 (rs11614913), miR-149 (rs2292832), and miR-499 (rs3746444) based on genotype frequencies in cases and controls. The significance of pooled ORs was determined using the Z-test, with P0.05 defined as the significance threshold. Meta-analysis was conducted using a fixed-effect model when P0.10 for the Q-test, indicating the lack of heterogeneity among studies; otherwise, a random-effect model was used. All these statistical tests were performed using Review Manager 5.2 (Cochrane Collaboration, Oxford, England).
Publication bias was assessed using Begg's funnel plot and Egger's weighted regression, with P0.05 considered statistically significant. Begg's funnel plots and Egger's weighted regression were calculated using Stata 12.0 (StataCorp LP, College Station, TX, USA). 
Results

Description of studies
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Zou et al precise genotypes, and two articles were excluded because they investigated polymorphisms of miRNAs other than miR-146a (rs2910164), miR-196a2 (rs11614913), miR-149 (rs2292832), or miR-499 (rs3746444). A further two studies were excluded because they were not written in English or Chinese. In the end, 14 studies [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] were included in this metaanalysis based on our search strategy and inclusion criteria. Their characteristics are summarized in Table 2 . Of these, 13 studies 13, 14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] (Table 3) involving 5,726 cases and 7,175 controls evaluated the association between miR-146a (rs2910164) polymorphism and IS risk. Seven studies 16, [18] [19] [20] [24] [25] [26] (Table 3 ) involving 3,090 cases and 3,047 controls evaluated the association between miR-196a2 (rs11614913) polymorphism and IS risk. Six studies [15] [16] [17] [24] [25] [26] (Table 3 ) involving 2,448 cases and 2,322 controls evaluated miR-149 (rs2292832) polymorphism and IS risk. The remaining seven studies 16, 18, 20, [23] [24] [25] [26] (Table 3 ) involving 3,082 cases and 3,044 controls evaluated miR-499 (rs3746444) polymorphism and IS risk. The distribution of genotypes in controls was consistent with HWE (P0.05) in all but three studies. 14, 20, 22 The overall quality of the included studies was adequate, and the mean Newcastle-Ottawa score for the included studies was 6.57 (Table 1) .
Quantitative data synthesis
IS risk and miR-146a (rs2910164) polymorphism
The overall results for miR-146a (rs2910164) are summarized in Table 4 and Figure 2 . On the basis of 5,726 cases and 7,175 controls from 13 studies, 13, 14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] the overall results indicated that the GG genotype of miR-146a (rs2910164) may be associated with increased IS risk according to the recessive model (OR=1.20, 95% CI=1.02-1.42, P=0.03; Figure 2B ). and Chinese. Of these, we excluded 161 studies during initial screening based on review of the titles and abstracts. During analysis of the full text of the remaining articles, two studies were excluded for not being case-control studies, three studies were excluded because they did not report 
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IS risk and miR-196a2 (rs11614913) polymorphism
The overall results are summarized in Table 4 and Figure 3 . 
IS risk and miR-149 (rs2292832) polymorphism
The overall results for miR-149 (rs2292832) are summarized in Table 4 and Figure 4 . On the basis of 2,448 cases and 
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2,099
Luo et al (2017) 25 Zhu et al (2017) 26 Zhu et al (2014) 19 Zhu (2016) 24
Study or subgroup
Total (95% CI) 
1,487
Huang et al (2015) 20 Jeon et al (2013) 16 Liu et al (2014) 18 Luo et al (2017) 25 Zhu et al (2017) 26 Zhu et al (2014) 19 Zhu ( 
3,090
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Polymorphisms in mirnAs and Is risk 2,322 controls from six studies, 16, 18, 20, [23] [24] [25] [26] the overall results indicated that the CC genotype of miR-149 (rs2292832) may be associated with increased IS risk according to the recessive model (OR=1.28, 95% CI=1.08-1.52, P=0.005; Figure 4B ) and homozygous model (OR=1.31, 95% CI=1.09-1.58, P=0.004; Figure 4D ).
IS risk and miR-499 (rs3746444) polymorphism
The overall results are summarized in Table 4 and Figure 5 . On the basis of 3,082 cases and 3,044 controls from seven studies, 16, 18, 20, [23] [24] [25] [26] ( Figure 5D ); or heterozygous model, OR=1.06, 95% CI=0.87-1.28, P=0.57 ( Figure 5E ).
sensitivity analysis
Sensitivity analysis was conducted for miR-146a (rs2910164) by excluding the studies by Li et al 14 and Qu et al; 22 the P-value for HWE was less than 0.05 for these two studies. The recessive model gave different results (OR=1.19, 95% CI=0.98-1.45, P=0.07) than those obtained when all studies were meta-analyzed. Sensitivity analysis was conducted for miR-146a (rs2910164) by excluding one study by Jeon et al. 16 Again, the recessive model gave different results (OR=1.18, 95% CI=0.99-1.41, P=0.07) than when all studies were included. Therefore, the results for miR-146a (rs2910164) should be interpreted with caution.
Sensitivity analysis was conducted for miR-196a2 (rs11614913) by excluding the study by Jeon et al. 16 The results were similar to those obtained with all studies, 
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Zou et al regardless of the genetic model. This implies that our metaanalysis results for miR-196a2 (rs11614913) are robust. Similar robustness was observed when we performed sensitivity analysis for miR-149 (rs2292832) and for miR-499 (rs3746444) by excluding the study by Jeon et al. 16 Sensitivity analysis was conducted for miR-499 (rs3746444) by excluding a study by Huang et al, 20 in which the P-value of HWE was less than 0.05. The results were not altered in any of the five genetic models.
Publication bias
Begg's funnel plot and Egger's test were performed to detect potential publication bias in this meta-analysis. No obvious asymmetry was observed in Begg's funnel plots in 
Discussion
Previous studies have demonstrated that mutations in the pre-miRNA of miR-146a, miR-499, miR-149, and miR196a2 decrease the levels of the corresponding mature miRNAs. 20, 29, 30 These four miRNAs affect thrombosis or inflammation pathways in the circulatory system by regulating tumor necrosis factor-α (TNF-α), 31 methylenetetrahydrofolate reductase, 32 annexin A1, 33 C-reactive protein, 34 the NF-κB pathway, and the MAP kinase pathway. 35 Many studies have been conducted to reveal the impact of SNPs on precursor and mature miRNAs and their associations with IS risk. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] In fact, several meta-analyses have been conducted to explore the association between miRNA polymorphisms and IS risk. The results have been inconsistent, largely due to limited sample size. [36] [37] [38] [39] Therefore, we conducted this metaanalysis on all eligible studies to provide a more precise estimate of the association of IS risk with miR-146a (rs2910164), miR-196a2 (rs11614913), miR-149 (rs2292832), and miR-499 (rs3746444). Interestingly, all the case-control studies in our meta-analysis analyzed Asian populations.
A previous meta-analysis by Zhu et al 39 found the C allele of miR-146a (rs2910164) to be associated with lower IS risk, but this trend was observed only in Koreans according to the allelic model. Our meta-analysis, in contrast, suggests that this C allele is not significantly associated with IS risk; instead, we found the GG genotype of miR-146a (rs2910164) to be associated with increased risk. Our result may be more reliable than that of the previous meta-analysis by Zhu et al 39 because our meta-analysis contained nine more case-control studies 14, 15, 17, [21] [22] [23] [24] [25] [26] with larger samples. Our subgroup analysis suggesting a significant relationship 
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Polymorphisms in mirnAs and Is risk between the C allele of miR-146a (rs2910164) and lower IS risk contained only one case-control study, which was by Jeon et al. 16 While the meta-analysis by Zhu et al 39 reported an association between the A allele of miR-499 (rs3746444) and decreased IS risk in Chinese, our meta-analysis did not detect this association, either across Asian populations or specifically in the Chinese population (data not shown). Our result may be more reliable because our meta-analysis included four more case-control studies [23] [24] [25] [26] than the one by Zhu et al. 39 The results of our meta-analysis are consistent with those reported in the meta-analysis by Xiao et al. 
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Zou et al Our meta-analysis suggests a significant association between the CC genotype of miR-149 (rs2292832) and increased IS risk. In contrast, the meta-analysis of Xiao et al 37 based on two case-control studies indicated that the TT genotype and T allele of miR-149 (rs2292832) are associated with significantly lower IS risk, whereas another meta-analysis 36 based on three case-control studies found the CC genotype and C allele of miR-149 (rs2292832) to be significantly associated with IS risk. Our meta-analysis contained three more case-control studies [24] [25] [26] than either of these other metaanalyses, which may make it more reliable.
Our meta-analysis did not find a significant association between miR-196a2 (rs11614913) polymorphism and IS risk. This result confirms other meta-analyses [37] [38] [39] based on smaller samples.
To the best of our knowledge, the current meta-analysis involves the largest sample (6,083 cases and 7,248 controls) than previous studies [36] [37] [38] [39] investigating the possible association of IS risk with miR-146a (rs2910164), miR196a2 (rs11614913), miR-149 (rs2292832), and miR-499 (rs3746444) in Asian populations. Nevertheless, the metaanalysis is limited by the designs of the included studies. First, the P-value for HWE was less than 0.05 in two studies 14, 22 on miR-146a (rs2910164) and one study 26 on miR-499 (rs3746444). These results suggested that these study populations may not be representative of the broader target population. Second, the results may be affected by both genetic and environmental factors, but most studies did not report environmental exposure, making it impossible to include them in the meta-analysis. Third, our exclusion of unpublished data and of papers published in languages other than English and Chinese may have biased our results. Fourth, the studies may be subject to performance bias, attrition bias, and reporting bias, although Newcastle-Ottawa scores were at least 5 for all 14 studies, indicating high quality. Fifth, stroke is a heterogeneous disease and has different subtypes that may affect the results of genetic association studies, but most case-control studies in our meta-analysis appeared not to use a well-phenotyped population. This may make the results less accurate. Finally, all the patients in this meta-analysis were Asian and this may limit the relevance of the results to other populations. Thus, more large and welldesigned studies are warranted in non-Asian populations.
Conclusion
This meta-analysis suggests that the GG genotype of miR-146a (rs2910164) and the CC genotype of miR-149 (rs2292832) may confer increased susceptibility to IS in Asian populations, whereas polymorphism in miR-196a2 (rs11614913) and miR-499 (rs3746444) may not be associated with IS risk. These conclusions should be verified in large and well-designed studies.
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